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© A power supply device for an electric vehicle. 



© A power supply device for an electric vehicle 
comprising: a generator-motor (11 comprising a 
brushless alternating current machine; an engine (2) 
for driving to rotate the generator-motor; a speed 
increasing and decreasing transmission means (12) 
which connects the engine with the generator-motor; 
an alternating current driving motor (13) for running a 
vehicle; a storage battery (4) as a power supply 
source for a direct current load and for a starting 
^ motor in starting the engine; and a power converting 
^ circuit (14); wherein, in starting the engine, the stor- 
age battery (4) supplies an alternating current volt- 
2 age to the generator-motor (11) through the speed 
r- increasing and decreasing transmission means (12) 
and rotates the generator-motor (11) as a motor and 
the speed increasing and decreasing transmission 
|f> means (12) decreases a first speed of the generator- 
0 motor, thereby starting to rotate the engine; and in 
generating power, the speed increasing and de- 
Q- creasing transmission means (12) increases a sec- 
ond speed of a driving revolution of the engine and 
rotates the generator-motor (11) as an alternating 
current generator which supplies a generated al- 



ternating power to the alternating current driving 
motor (13) through the power converting circuit (14) 
thereby driving to rotate the alternating current driv- 
ing motor and running the vehicle, and a direct 
current converted by the power converting circuit 
(14) charges the storage battery (4). 

FIGURE I 
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This invention relates to a power supply device 
for an electric vehicle for generating power by 
rotating a generator by an engine, and for rotating 
a driving motor by the power. 

Figure 4 is a block diagram of a conventional 5 
power supply device for an electric vehicle such as 
a hybrid-type electric car. A reference numeral 1 
designates an electric vehicle unit, 2, an engine 
composing a prime mover, 3, a generator rotated 
by the engine 2 by a belt means, 4, a storage 10 
battery charged by the power of the generator 3, 
and 5, a starting motor composed of a direct cur- 
rent motor for starting the engine 2 which is rotated 
by the storage battery 4 as a power supply source. 
A numeral 6 designates a driving motor composed 75 
of a direct current machine for running the electric 
vehicle unit 1, which is rotated by receiving the 
power of the generator 3. 

The engine 2 is driven at a predetermined 
revolution speed to achieve high efficiency and low 20 
exhaust gas emission. Accordingly, the generator 3 
has to be driven at a revolution speed which is 
lower than an appropriate revolution speed. There- 
fore, the size thereof is magnified. 

As stated above, in the conventional power 25 
supply device for an electric vehicle, the generator 
3 is driven by the engine 2 through the belt means. 
Therefore ,$\e speed-ancreasing ratio cannot be en- 
hanced l^fr. the J oute^^ of the generator 3 is 
magriifieti/X Targe space for occupation is required 30 
for mounting the device on a vehicle. Furthermore, 
since the driving transmission of the generator 3 is 
performed by the belt means, the repair and main- 
tenance thereof are troublesome. Furthermore, 
since the i^al^ihg>m8tbr 5 and the driving motor 6 35 
are provided;,^ and brushes, the 

repair andr'm^inteii^hce thereof are very ^puble>y 

. /r!Hguf^6iiS'avcircu!t:diagydm of another cohvehr v; : ;;- 
tiqnal<F^ei^su^ for, an electric vehicle 

subh 'as ^brid-type electric car. A reference 
humeral designates a three-phase alternating 
,cur&nt^geft^ is coupled with an 

iehgiheSbif^^viehicle. When an alternating -[current v 
power is supplied, the generator-motor rotates as a 
sta$r^^tr^^ After the ... 

engine is startedj thb; geftjarator-motor is rotated by 
the engine -and Supplies ari< alternating current £0w-i 
er as^;a: IgerieratbrJ A numeral [ 1 02 idesigjnate^- a \\ 
three-phase armature windihg of a statqn' arid '163;' " 
a field winding of magnetic poles of a rotor. A 
numeral 104 designates a three-phase alternating 
current driving motor which runs the vehicle when 
an electric current power is supplied to rotate the 
motor. A numeral 105 designates a three-phase 55 
armature winding of a stator, and 106, a field 
winding of magnetic poles of a rotor. A numeral 
107 designates a storage battery, and 108, a first 



inverter, which is integrated by a plurality of tran- 
sistors 109 and a plurality of diodes 110 compos- 
ing switching elements. When the engine is to be 
started, the inverter converts a direct current volt- 
age of the storage battery 107 into a three-phase 
alternating current voltage, which is supplied to the 
generator-motor 101. After the engine has been 
started, and the generator-motor 101 is driven to 
generate a three-phase alternating current voltage, 
the plurality of diodes 110 becomes a rectifier, for 
rectifying the alternating current voltage and out- 
putting a direct current voltage. A numeral 111 
designates a second inverter, which is integrated 
with a plurality of transistors 112 and a plurality of 
diodes 113 composing switching elements. When 
the second inverter is supplied with an output of a 
direct current voltage of a rectifier unit composed 
of the plurality of diodes 110 of the first inverter 
1 08, the second inverter converts the direct current 
voltage to a three-phase alternating current voltage 
and supplies it to the driving motor 104. 

In the second conventional device, first, in 
starting the engine, the inverter 108 converts the 
direct current voltage of the storage battery 107 to 
the three-phase alternating current voltage, which is 
supplied to the generator-motor 101. The 
generator-motor 1 01 becomes a starting motor for 



becomes a generator and generates a three-phase 
alternating current voltage. This three-phase alter- 
nating current voltage is rectified by the plurality of 
diodes 110 of the inverter 108, and the direct 
current voltage is outputted which is supplied to 
the inverter TTt^P&orlitge battery^tO^:' The di- 
rect current vol^^^w^c^^is supplied to the in- 
verter 111 is^cb^v^rlM^a three-phase alternating;;: 




^i'- it is an^BbjeW'of the present] jhventiorv^ 
vide a power supply device for an electric vehicle 
wherein a single machine is utilized both for a 
generator and for a starting motor, the size thereof 
is downsized, a space for mounting on a vehicle 
thereof is reduced, and the repair and maintenance 
thereof is simplified. 

It is an object of the present invention to pro- 
vide a power supply device for an electric vehicle 
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wherein a single inverter is utilized both for sup- 
plying power to a starting motor when an engine is 
started, and for supplying power to an alternating 
current driving motor when the engine is running, 
the device thereof being downsized and inexpen- 
sive. 

According to an aspect of the present inven- 
tion, there is provided a power supply device for an 
electric vehicle comprising: 

a generator-motor comprising a brushless al- 
ternating current machine; 

an engine for driving to rotate the generator- 
motor; 

a speed increasing and decreasing transmis- 
sion means which connects the engine with the 
generator-motor; 

an alternating current driving motor for running 
a vehicle; 

a storage battery as a power supply source for 
a direct current load and for a starting motor in 
starting the engine; and 

a power converting circuit; 

wherein, in starting the engine, the storage 
battery supplies an alternating current voltage to 
the generator-motor through the speed increasing 
and decreasing transmission means and rotates the 
generator-motor as a motor and the speed increas- 
ing and decreasing transmission means decreases 
a first speed of the generator-motor, thereby start- 
ing to rotate the engine; and 

in generating power, the speed increasing and 
decreasing transmission means increases a second 
speed of a driving revolution of the engine and 
rotates the generator-motor as an alternating cur- 
rent generator which supplies a generated alternat- 
ing power to the alternating current driving motor 
through the power converting circuit thereby driving 
to rotate the alternating current driving motor and 
running the vehicle, and a direct current converted 
by the power converting circuit charges the storage 
battery. 

According to another aspect of the present 
invention, there is provided a power supply device 
for an electric vehicle comprising: 

a generator-motor connected to an engine for 
starting the engine as a starting motor in starting 
the engine and for generating a first three-phase 
alternating current voltage as an alternating current 
generator by being rotated by the engine after the 
engine is started; 

an alternating current driving motor for running 
a vehicle; 

a storage battery as a power supply source for 
a direct current load and for starting the engine; 

a rectifier for rectifying the first three-phase 
alternating current voltage of the generator-motor 
after the engine is started and supplying a direct 
current voltage to the storage battery and the direct 
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current load; 

an inverter for converting a direct current volt- 
age from the storage battery and the direct current 
voltage from the rectifier into a second three-phase 
5 alternating current voltage; and 

a changeover switch for switching and connect- 
ing an output side of the inverter to a first side of 
the generator-motor in starting the engine and to a 
second side of the alternating current driving motor 
io after the engine is started. 

In the first aspect of this invention, in starting 
the engine, the power output by the storage battery 
is converted into the alternating current power by 
the power converting circuit, the generator- motor is 
is rotated as a motor, and the speed of the generator- 
motor is decreased by the speed increasing and 
decreasing transmission means, thereby starting to 
rotate the engine. When the engine is started and 
rotated; the speed of the engine is increased by 
20 the speed increasing and decreasing translation 
means, thereby driving to rotate the generator- 
motor, and generating the alternating current pow- 
er. This alternating current power is converted to a 
direct current power and the direct current power is 
25 again converted to an alternating current power by 
the power converting circuit. By this alternating 
current power, the alternating current driving motor 
is driven to rotate which runs the electric vehicle. 
On the other hand, the other portion of the alternat- 
30 ing current power by the generator-motor, is con- 
verted into the direct current by the power convert- 
ing circuit, for charging the storage battery. 

Furthermore, in the second aspect of this in- 
vention, the changeover switch is switched to the 
35 generator-motor side when the engine is to be 
started, the direct current voltage of the storage 
battery is converted to the three-phase alternating 
current voltage by the inverter which is supplied to 
the generator-motor for rotating as a starting motor. 
40 When the engine has been started, the changeover 
switch is switched to the alternating current driving 
motor side. The generator-motor is rotated as a 
generator, and the three-phase alternating current 
voltage is rectified to the direct current voltage by 
45 the rectifier, which is supplied to the inverter and 
the storage battery. The direct current voltage sup- 
plied to the inverter is converted to the three-phase 
alternating current voltage, which is supplied to and 
rotate the alternating current driving motor, thereby 
so running the vehicle. 

In the drawings: 
Figure 1 is a block diagram showing construc- 
tion of a first embodiment of a power supply 
device for an electric vehicle; 
55 Figure 2 is a block diagram showing construc- 
tion of a second embodiment of a power supply 
device for an electric vehicle; 



3 



5 



EP0 534 144 A1 



6 



Figures 3A and 3B are block diagrams showing 
operation of a hydraulic equipment of Figure 2 
in starting and in generating power; 
Figure 4 is a block diagram showing construc- 
tion of a conventional power supply device for 5 
an electric vehicle; 

Figure 5 is a circuit diagram showing a third 
embodiment of a power supply device for an 
electric vehicle; and 

Figure 6 is a circuit diagram showing a conven- 70 
tional power supply device for an electric ve- 
hicle. 

Figure 1 is a block diagram showing a first 
embodiment of a power supply device for an elec- 
tric vehicle according to the present invention. A 75 
reference numeral 11 designates a brushless 
generator-motor, which rotates as a starting motor 
when an alternating current power is supplied, and 
supplies an alternating current power as a gener- 
ator when it is driven to rotate. A numeral 12 20 
designates a speed increasing and decreasing 
transmission means which connects an engine 2 
with the generator-motor 1 1 , which is, for instance, 
a planetary gear device. This speed increasing and 
decreasing transmission means 12 decreases a 25 
speed of revolution of the generator-motor 1 1 as a 
starting motor and transmits the revolution to the 
engine. Furthermore, in power generating, the 
speed increasing and decreasirig^Qfransmission 
means increases a speed of revolution of the en- 30 
gine 2 and transmits the revolution to the 
generator-motor 1 1 , thereby generating an alternat- 
ing current power. Furthermore, in case of the 
planetary gear device, when the respective gears 
are composed of helical gears, a noise thereof is 35 
reduced. A reference numeral 13 designates a 
brushless alternating current driving motor- which is 
driven to, rotate by the alternating .current; power of 
the generator-motor 11, and runs the electric ve- : ./ 
hide 1, and 14, a power converting circuit inter- . 40 
posed among the generator-motor iV&i'e driving 
motor 13 and the storage battery 4, having a plural- 
ity of diodes, which converts a multi-phase alternat- 
ing current to a direct current. Furthermore, the 
power converting circuit 14 has an inverter for 45 
converting a direct current to a multi-phase, al- 
ternating current. A numeral 15 designates, a power 
generating control circuit which hias the generator-: 
motor 1 1 perform a power generating operation 
when it is driven to rotate, and also orders the so 
power converting circuit 14 to convert an alternat- 
ing current to a direct current thereby charging the 
storage battery 4. A reference numeral 16 des- 
ignates a starting control circuit. When the 
generator-motor 11 is driven to rotate as a starting 55 
motor, the starting control circuit 16 orders the 
power generating control circuit 14, so that a direct 
current of the storage battery 4 is converted to an 



alternating current which is supplied to the 
generator-motor 11 and starts to rotate it. A nu- 
meral 17 designates an engine control circuit for 
controlling an output of the engine in accordance 
with an output of the generator- motor 11 controlled 
by the power generating control circuit 15. 

In the above embodiment of the power supply 
device, in starting the engine 2, by the order of the 
starting control circuit 16, a direct current power of 
the storage battery 4 is converted to an alternating 
current power through the power converting circuit 
14, which is supplied to the generator-motor 11 for 
rotating it as a starting motor, the speed of the 
generator-motor 11 is decreased by the speed 
increasing and decreasing transmission means 12, 
and the torque is increased to a value which is 
inversely proportional to the speed reduction ratio, 
thereby starting to rotate the engine 2. 

When the engine 2 has been started, the 
speed of the revolution is increased by the speed 
increasing and decreasing transmission means 12, 
and the generator-motor 1 1 is driven to rotate. The 
generator-motor 11 operates as an alternating cur- 
rent generator, and drives to rotate the alternating 
current driving motor 13 through the power con- 
verting circuit 11 by the order of the power gen- 
erating control circuit 15, thereby running the ve- 
hicle. On the other hand, a direct current::frorjn, the 
power converting circuit; 14. is, supplie^t^h©"'^^" 
age battery 4 for charging it 

Figure 2 shows a second embodiment of a 
power supply device for an electric vehicle accord- 
ing to the present invention. Notations 1, 2, 4, 11, 
and 13 to 17 are the same as in Figure 1. The 
speed increasing and decreasing transmission-! 
means 20 provided between the engine 2, and ... the, 
generator-rmotor. 1/1 , is composed of ai ^itai\\& 
equipment^^ ^erence numeral. 21v;designates ;t a 
one-way rotating .type first hydraulic piimpTitiofor 
directly connected to the ;ertgjirfe 2/:2S; ; a^bne^ay 
rotating type Second hydraulic pum^motor^ directly 
connected -to the generate?^ 
switching valves attached to an oil ^ 26* 
provided between an outlet {of the s^dond^by^raulic 
pump-motor 22 and an inlet "of -fKei?^'Kydi^iiib 
pump-motor. 21, 23c and/23d; switchin 
attached; to : an oil f eedingppi pe >' .^^^yid^ • 
tween an ^outlet^ 

21 and : hyd/£uji&^ 
motor, 24, : a f iow control valve with 'pressure Corri- 
pensation interposed between the switching valves 
23c and 23d, and 25, a pressure control valve 
interposed between the switching valves 23a and 
23b. 

Figure 3A shows an operation of the hydraulic 
equipment when the engine 2 is started, also show- 
ing a direction of the switching valves. An alternat- 
ing current power from a power supply source of 
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the storage battery 4 through the power converting 
circuit 14, rotates the generator-motor 11 as a 
motor, which drives to rotate the hydraulic pump- 
motor 22 as a hydraulic pump (P). The first hydrau- 
lic pump-motor 21, supplied with pressurized oil by 
a hydraulic pump action, rotates as a hydraulic 
motor (M) at a decreased speed, thereby starting 
to rotate the engine 2. 

Figure 3B shows an operation of the hydraulic 
equipment when the engine 2 has been started and 
the generator-motor 11 operates as an alternating 
current generator, also showing a direction of the 
switching valves. By the driving rotation of the 
engine 2, the hydraulic pump-motor 21 operates as 
a hydraulic pump (P), supplies pressurized oil to 
the hydraulic pump-motor 22 passing through the 
oil feeding pipe 27, by which the hydraulic pump- 
motor 22 is rotated as a hydraulic motor (M) at an 
increased speed. With the increased-speed driving 
rotation by the hydraulic pump-motor 22, the 
directly-connected generator-motor 11 is rotated, 
which operates as an alternating current generator, 
and supplies an alternating current power to the 
alternating current driving motor 13 through the 
power converting circuit 14, thereby running the 
vehicle 1. On the other hand, the other portion of 
the alternating current by the generator-motor 11, 
is converted to a direct current by the power con- 
verting circuit 14, for charging the storage battery 
4. 

The hydraulic pump-motors 21 and 22 are 
switched to have functions of a hydraulic motor 
driven by a hydraulic pump and a hydraulic pump 
for driving a hydraulic motor, respectively, when 
the engine 2 is started and when power is gen- 
erated. Assuming a capacity of a hydraulic pump 
of the hydraulic pump-motor 21 is equal to a dis- 
charge quantity per revolution qi cc/revolution, and 
a capacity of hydraulic pump of the hydraulic 
pump-motor 22 is equal to a discharge quantity per 
revolution q 2 cc/revolution, normally qi = k x q 2 , 
where k > I and qi > q 2 . 

In this way, by using the hydraulic equipment 
as the speed increasing and decreasing transmis- 
sion means 20, and by setting the hydraulic pump 
capacity as qt = k x q 2 , the generator-motor 11 
has a speed decreasing ratio in starting, and a 
speed increasing ratio in generating power, with 
respect to the speed of the engine 2. Accordingly, 
the generator-motor 11 can be downsized. Further- 
more, since the speed increasing and decreasing 
transmission device is driven by hydraulic pres- 
sure, it is possible to provide the hydraulic equip- 
ment at a pertinent place in the vehicle by arrang- 
ing the oil feeding pipes, thereby promoting a 
degree of freedom for mounting thereof. Further- 
more, the device can dispense with an operating 
noise between a pinion of the starting motor and a 



ring gear of the engine as is conventionally gen- 
erated. Furthermore, in addition to a field control of 
the generator-motor 11, the device is provided with 
a speed control by the oil quantity control, thereby 
5 promoting the controllability and performing an op- 
timum control. The field of the generator-motor 1 1 
may be a permanent magnet. 

As stated above, according to the present in- 
vention, the brush less generator-motor is connect- 
io ed to the engine through the speed increasing and 
decreasing transmission means. In starting, the di- 
rect current from the storage battery is converted 
to the alternating current, which is supplied to the 
generator-motor for rotating it as a motor. The 
75 speed of the generator-motor is reduced and the 
engine is started to rotate. In generating power, the 
speed of the driving rotation of the engine is in- 
creased by which the generator-motor rotates as 
an alternating current generator. The alternating 
20 current power generated by this generator rotates 
the alternating current driving motor, thereby run- 
ning the vehicle. Furthermore, the alternating cur- 
rent of the generating power is converted to the 
direct current for charging the storage battery. Ac- 
25 cordingly; the generator-motor is utilized both for 
an alternating current generator and a starting mo- 
tor which is downsized by interposing the speed 
increasing and decreasing transmission means, 
thereby promoting the freedom thereof for mount- 
30 ing on a vehicle. Furthermore, the generator-motor 
can dispense with brushes and commitators, and 
the belt means is not necessary, thereby simplify- 
ing the repair and the maintenance thereof. Fur- 
thermore, when the field of the generator-motor is 
35 composed of a permanent magnet, it dispenses 
with a field loss, thereby promoting a power gen- 
erating efficiency. 

Figure 5 is a circuit diagram showing a third 
embodiment of the invented device. The notations 
40 101 through 110 are the same as in Figure 6. The 
inverter 108 is utilized both for starting and for 
running. A numeral 120 designates a rectifier in- 
tegrated with a plurality of diodes 121, which rectify 
a three-phase alternating current voltage generated 
45 by driving to rotate the generator-motor 101 to a 
direct current voltage, and supplies it to the inverter 
108 and the storage battery 107. A numeral 122 
designates a changeover switch for switching the 
connection from the output side of the inverter 108 
50 to the armature winding 102 of the generator-motor 
101 and to the armature winding 105 of the al- 
ternating current driving motor 104. 

Next, explanation will be given to the operation. 
First, in starting, the changeover switch 122 is 
55 switched to the side of the generator-motor 101. 
Then, a direct current voltage of the storage battery 
107 is converted to a three-phase alternating cur- 
rent voltage by the inverter 108. which is supplied 
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to the generator-motor 101. The generator-motor 
101 becomes a starting motor and starts the en- 
gine. When the engine has been started, the chan- 
geover switch 122 is switched to the side of the 
alternating current driving motor 104. The 5 
generator-motor 101 is driven to rotate by the 
engine and generates a three-phase alternating 
current voltage as a generator, and the alternating 
current voltage is rectified to a direct current volt- 
age by the rectifier 120. The direct current voltage io 
is supplied to the inverter 108 and the storage 
battery 107. The direct current voltage supplied to 
the inverter 108 is converted to a three-phase 
alternating current voltage, which is supplied to the 
alternating current driving motor 104. In this way, 75 
the alternating current driving motor 104 rotates 
and runs the vehicle. 

As stated above, according to the present in- 
vention, the output side of the inverter for convert- 
ing the direct current voltage of the rectifier con- 20 
nected to the output side of the generator-motor 
and the direct current voltage of the storage bat- 
tery, to the three-phase alternating current voltage, 
is switched to connect to the side of the generator- 
motor in starting, and the side of the alternating 25 
current driving motor in running by the changeover 
switch. Accordingly, the single inverter is utilized in 
both ways, and therefore, the device is downsized 
and is inexpensive. 

30 

Claims 

1. A power supply device for an electric vehicle 
comprising: 

a generator-motor comprising a brushless 35 
alternating current machine; 

an engine for driving to rotate the 
generator-motor; 

a speed increasing and decreasing trans- 
mission means which connects the engine with 40 
the generator-motor; 

an alternating current driving motor for run- 
ning a vehicle; 

a storage battery as a power supply 
source for a direct current load and for a 45 
starting motor in starting the engine; and 

a power converting circuit; 

wherein, in starting the engine, the storage 
battery supplies an alternating current voltage 
to the generator-motor through the speed in- 50 
creasing and decreasing transmission means 
and rotates the generator-motor as a motor 
and the speed increasing and decreasing 
transmission means decreases a first speed of 
the generator-motor, thereby starting to rotate 55 
the engine; and 

in generating power, the speed increasing 
and decreasing transmission means increases 



a second speed of a driving revolution of the 
engine and rotates the generator-motor as an 
alternating current generator which supplies a 
generated alternating power to the alternating 
current driving motor through the power con- 
verting circuit thereby driving to rotate the al- 
ternating current driving motor and running the 
vehicle, and a direct current converted by the 
power converting circuit charges the storage 
battery. 

2. The power supply device for an electric ve- 
hicle according to Claim 1, wherein the speed 
increasing and decreasing transmission means 
is composed of a planetary gear device. 

3. The power supply device for an electric ve- 
hicle according to Claim 1, wherein the speed 
increasing and decreasing transmission means 
is composed of a hydraulic equipment having 
a first hydraulic pump-motor directly connect- 
ed to the engine, a second hydraulic pump- 
motor directly connected to the generator-mo- 
tor, and a plurality of switching valves inserted 
in oil feeding pipes of the first and the second 
hydraulic pump-motors. 

4. A power supply device for an electric vehicle 
comprising:. 

a generator-motor connected to an engine 
for starting the engine as a starting motor in 
starting the engine and for generating a first 
three-phase alternating current voltage as an 
alternating current generator by being rotated 
by the ehgihe after the engine is started; 

•,van;alternating current driving motor for run- 
ning a vehicle; 

;a, storage battery as a power supply 
source for a direct current load and for starting 
the^engine; . 

& . rectifier/,for rectifying the. first three- 
phaset; alternating current voltage of the 
generiator-motor after the engine is started and 
supplying a direct current voltage to the stor- 
age battery and the direct current joad; 

' an^nyerter --for - converting a direct current 
vpltagj? frbm^ftiie storage -battery and the direct ; 
curTent. wltage from the rectifier; into a second 
thre^phase alternating current voltage; arid 

a changeover switch for switching and 
connecting an output side of the inverter to a 
first side of the generator-motor in starting the 
engine and to a second side of the alternating 
current driving motor after the engine is start- 
ed. 
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